In this paper, we study the extended Standard Model (SM) with an extra Higgs doublet and right-handed neutrinos. If the symmetry to distinguish the two Higgs doublets is not assigned, flavor changing neutral currents (FCNCs) involving the scalars are predicted even at the tree level. We investigate the constraints on the FCNCs at the one-loop level, and especially study the semileptonic B meson decays, e.g. B → D ( * ) τ ν and B → K ( * ) ll processes, where the SM predictions are more than 2σ away from the experimental results. We also consider the flavor-violating couplings involving right-handed neutrinos and discuss if the parameters to explain the excesses of the semileptonic B decays can resolve the discrepancy in the anomalous muon magnetic moment. Based on the analysis, we propose the smoking-gun signals of our model at the LHC.
Introduction 2 Type-III 2HDM
We introduce the Type-III 2HDM with right-handed neutrinos. There are two Higgs doublets in our model. When the Higgs fields are written in the basis where only one Higgs doublet obtains the nonzero VEV, the fields can be decomposed as [51] 
where G + and G are Nambu-Goldstone bosons, and H + and A are a charged Higgs boson and a CP-odd Higgs boson, respectively. v is the VEV: v 246 GeV. In this base, we write down the Yukawa couplings with the SM fermions. In the mass basis of the fermions, the Yukawa interactions are expressed by [51] 
where i, j and k represent flavor indices, and
T are defined. H 1,2 denote H 1,2 = iτ 2 H ρ ut u and ρ tu u are strongly constrained by the K-K mixing at the one-loop level. Thus, it is difficult to expect that the couplings between the light quarks (u, d, s) and the other quarks are larger than O(0.01). The diagonal elements, on the other hand, could be O(0.1), unless the off-diagonal elements are not sizable [54] .
Based on the examination, we consider the case that |ρ ct u | and/or |ρ tc u | are sizable. One of our motivations of this study is to investigate the compatibility among the explanations of the excesses in the Type-III 2HDM. It is pointed out that the sizable ρ tc u can improve the discrepancies in the b → sll and b → clν processes [37] . Eventually, we consider the following simple textures of ρ f from the phenomenological point of view: 
The other elements of ρ u are assumed to be at most O(0.01), so that the physics involving ρ ct u , ρ tc u , and ρ tt u is mainly discussed in this paper. Note that we ignore all elements of ρ d and assume that all sizable Yukawa couplings are real, through our paper.
Next, we discuss the Yukawa couplings with leptons. We can also find the strong upper bounds on the Yukawa couplings in the lepton sector. The lepton flavor violating (LFV) processes are predicted by the neutral scalar exchanging, if the off-diagonal elements of ρ e are sizable. In the case that the extra Yukawa couplings involving electron are large, the LEP experiment can easily exclude our model. Interestingly, the authors of Refs. [49, 50] have pointed out that the large ρ µτ e and ρ τ µ e can achieve the explanation of the (g − 2) µ , that is largely deviated from the SM prediction. The explanation, however, requires the other Yukawa couplings to be small [49, 50] . Then, we especially consider the following texture of ρ e : 
(7)
Note that the diagonal elements, ρ τ τ e and ρ µµ e , are also strongly constrained, as far as ρ µτ e and ρ τ µ e are sizable [50] . In our study, we also consider the contribution of ρ ν to flavor physics. This investigation has not been done well in the type-III 2HDM. This is because the tiny Dirac neutrino masses predict small Yukawa couplings so that ρ ν is also naively expected to be small. ρ ν , however, does not contribute to the active neutrino masses, directly. If both ρ ν and ρ e are sizable, ρ ν would contribute to the neutrino masses radiatively. Otherwise, ρ ν could be large compared to y i ν , in the bottom-up approach. The unique texture as in Eq. (7) may also allow ρ ν to be sizable. Based on this consideration, we study the upper bound on ρ ν and discuss the impact on the physical observables in flavor physics. 
The summary of the experimental constraints
In this section, we discuss the physics triggered by the Yukawa couplings in Eq. (6) and Eq. (7) . The contribution of ρ ν is also studied. Note that we are interested in the light scalar scenario. In order to avoid the exotic decay, e.g. t → Hc, and enlarge the new physics contributions maximumly, the extra scalar masses are set to 200 GeV or 250 GeV below.
The experimental constraints on ρ u
To begin with, we summarize the experimental constraints on ρ u . In our study, the texture of ρ u is approximately given by Eq. (6). Then, we can evade the strong bound from the ∆F = 2 processes at the tree level. The measurements of the meson mixings are, however, very sensitive to new physics contributions, so that we need to study the bounds carefully, taking into account the loop corrections.
In our setup, the one-loop corrections involving the charged Higgs and the W -boson, that are described in Fig. 1 , contribute to the B-B mixing and the B s -B s mixing. The operators induced by the one-loop corrections are
where q = s, d. The new physics contribution to the coefficient, C LL , is evaluated at the one-loop level as
where
Using the coefficient, the mass difference, ∆m B d,s , can be evaluated as 
If the magnitudes of the Yukawa couplings are below the upper bounds in Table 1 when m H ± = 200 GeV and 250 GeV, the charged Higgs contributions are within these ranges in Eq. (14) . The results in Table 1 are consistent with the ones in Ref. [57] . Next, we consider the rare decays of the mesons, such as B → X s γ. The b → s transition is given by the C 7 operator, according to the diagram in Fig. 2 ,
where C 7 in our model is evaluated at the one-loop level as follows:
The b → sγ has been experimentally measured and the result is consistent with the SM prediction [58] . Then, this process becomes a stringent bound on our model. For instance, the size of C 7 at the bottom quark mass scale should be within the range, −0.055 ≤ C 7 (m b ) ≤ 0.02, according to the global fitting [34] .
In Table 2 , we derive the upper bounds on the up-type Yukawa couplings using the value in Ref. [34] . The charged Higgs mass, m H ± , is fixed at m H ± = 200 GeV or 250 GeV. These results are consistent with the ones derived from the values in Refs. [56, 59] .
In addition, we could obtain the limits on the Yukawa couplings from the direct search for the flavor-violating processes. In our model, the flavor-violating top quark decay is 
where Γ t is defined as Γ t = 1.41GeV. Based on the results in Refs [60] [61] [62] , we derive the following upper bound:
In our study, we survey the parameter region with O(1) ρ e are large in some cases. As we discuss below, the flavor-violating Higgs decay, such as h → µτ , also significantly constraints cos θ βα . Then, we simply assume that | cos θ βα | is at most O(10 −3 ) and ignore the corrections that depend on cos θ βα .
3.2 The experimental constraints on ρ e and ρ ν
In this section, we summarize the constraints on ρ e and ρ ν . Interestingly, the texture of ρ e in Eq. (7) can evade the strong experimental bounds from the LFV processes. On the other hand, the discrepancy of (g − 2) µ can be resolved by the sizable (µ, τ ) Yukawa couplings [49, 50] .
Let us discuss the tree-level contributions to the physical observables, that are given by ρ µτ e , ρ τ µ e and ρ ν . In the type-III 2HDM, the charged Higgs boson exchanging induces τ → lνν (l = µ, e) at the tree level. We define the following observable:
where y l ≡ m 2 l /m 2 τ (l = e, µ, τ ) are defined and f (y) is a phase space function. This measurement has been experimentally given as g µ /g e = 1.0018±0.0014 [63] . In our model, the extra contribution to the each branching ratio of l 1 → l 2 νν decay is proportional to
where ρ ν is defined as ρ ν ≡ V ν ρ ν . Allowing the 2σ deviation of g µ /g e , we obtain the upper bounds on the Yukawa couplings at m H ± = 200(250) GeV as follows:
Next, we study the constraints from the michel parameter of the lepton decays. As discussed above, the charged Higgs exchanging contributes to l 1 → l 2 νν decays. The constraints derived from the michel parameters are summarized in Ref. [63] . Following Ref. [63] , we derive the bounds on ρ ν and ρ e as 0.76 × g Note that in our texture as Eq. (7), ρ µµ e and ρ ee e are assumed to be vanishing, so that the stringent constraints from the LFV decays of the charged leptons can be evaded. In our setup with ρ e in Eq. (7), the scalar mixing, cos θ βα , enhances the LFV τ decay, τ → 3µ, according to the neutral scalar exchanging. In order to avoid the current experimental bound, Br(τ → 3µ) < 2.1 × 10 −8 [63] , we obtain the bound as
where ρ µτ e ≡ |ρ µτ e | 2 + |ρ τ µ e | 2 is defined. Then we can conclude that the (µ, τ ) elements of ρ e can be larger than O(0.1) when | cos θ βα | is suppressed. In the case that ρ µµ e and ρ ee e are sizable, the upper bounds on the parameters are estimated as O(10 −4 ) when the CP even scalar mass is O(100) GeV and ρ µτ e is O(1) [50] . We can derive the constraint from the flavor-violating decay of 125 GeV neutral scalar. In our model, the branching ratio of the decay to two fermions (f i , f j ) is given by
where Γ h is the total decay width of h whose mass is around 125 GeV and fixed at Γ h = 4.1 MeV. Following the upper bound on BR(h → µτ ) [64-66], we find the upper limit on the µ-τ coupling at 2σ:
Thus, we obtain the strong bound on cos θ βα . As mentioned above, | cos θ βα | is assumed to be at most O(10 −3 ) and the contributions to the flavor physics are ignored in our analysis. We consider the one-loop contributions to the LFV process and the Z-boson decay. The correction involving only ρ e is summarized in Ref. [50] . Assuming that the all elements of ρ e are vanishing, we derive the constraints on ρ ν from the LFV processes. The upper bounds from l → lγ are summarized in Table 3 . ∆ ll is defined as
As we see in Table 3 , ∆ eµ is strongly constrained, while the other elements can be large. Table 3 : The upper bounds on ρ ν = V ν ρ ν at 90% CL in the cases with m H ± = 200 GeV and 250 GeV.
In addition, the decay of the Z boson may be largely deviated from the SM prediction, according to the extra scalars, at the one-loop level. In our work, we consider the case that either ρ e or ρ ν is sizable. Then, the contribution to the Z boson decay through the penguin diagrams is suppressed. We have calculated the deviation of BR(Z → νν), but it is not so large. We find that the upper bounds on ρ µτ e and |ρ ν | can reach O(1), even if the deviation of BR(Z → νν) is required to be within 2σ.
Note that ρ ν would be strongly constrained by the cosmological observation, depending on the mass spectrum of the right-handed neutrino. We comment on the bound in Sec. 4.3.3.
The (semi)leptonic B decays
Based on the studies in Sec. 3, we investigate the impact of our Type-III 2HDM on the (semi)leptonic B-meson decays. As discussed in Refs. [35, 37, 38] , the 2HDMs potentially have a great impact on B → D ( * ) lν and B → K ( * ) ll processes (l = e, µ, τ ), where the discrepancies between the experimental results and the SM predictions are reported. In particular, the global analyses on B → K ( * ) ll suggest that C 9 and C 10 operators may be deviated from the SM values. Besides, the flavor universality of B → K ( * ) ll is also inconsistent with the SM prediction in the experimental results. In our model, ρ ν can contribute to the C 9 and C 10 operators, flavor-dependently. Thus, it becomes very important to find how well the tension can be relaxed, taking into account the ρ ν contribution.
The bounds from the B → lν decays
First, we discuss the leptonic decays of the B meson: B → lν. In our model, the charged Higgs exchanging contributes to the B meson decays as
The flavor of the neutrino in the final state can not be distinguished, so that let us define the parameters, |κ
and discuss the constraints on those products. In our setup, the (t, c)-elements of ρ u are sizable, so that the leptonic decay of B c is deviated from the SM prediction. The leptonic decay has not been measured by any experiments, but we can derive the constraint from the total decay width of B c [43] and the measurement at the LEP experiment [44] . Adopting the severe constraint, BR(B c → τ ν) ≤ 10 % [44] , we obtain the upper bounds on the lepton Yukawa couplings as follows:
In our assumption, the (t, u) elements are less than O(0.01). Even in such a case, the sizable ρ 
We could also derive the bound from B s → µµ. The error of the experimental measurement is still so large that it is difficult to draw a stringent bound on our model. The branching ratio of this rare decay, however, relates to the semi-leptonic B decay, B → K ( * ) µµ, so that we give a discussion about this process below.
We investigate the constraints from the semileptonic B decay; e.g., B → D ( * ) lν (l = e, µ, τ ). There is a discrepancy in B → D ( * ) τ ν, although B → D ( * ) eν and B → D ( * ) µν are consistent with the SM predictions. In our model, the charged Higgs exchanging flavor-dependently contributes to these processes via ρ e and ρ u couplings, as shown in Eq. (29) . Then, the discrepancy of B → D ( * ) τ ν could be ameliorated by the contribution of the diagram in Fig. 3 [37] , although the flavor universality of B → D ( * ) lν (l = e, µ) may constrain our setup strongly. We define the observables to measure the universality as follow:
The deviations should not exceed a few percent: R(D * ) eµ = 1.04 ± 0.05 ± 0.01 [67] . Fixing the charged Higgs mass at m H ± = 200(250) GeV, we derive the upper bounds on κ e,ν µc . In the Table 4 , the upper bounds on κ e,ν µc with m H ± = 200 GeV and 250 GeV are summarized. The calculation is based on Ref. [37] . Note that, roughly speaking, only BR(B → D ( * ) µν) is always enhanced, so the only lower limit on R(D ( * ) ) eµ is shown in Table 4 . We impose the bounds as R(D ( * ) ) eµ > 0.95 and R(D ( * ) ) eµ > 0.98 [67] . The semileptonic B decay associated with τ lepton in the final state is also deviated from the SM prediction, in our model. In Ref. [37] , R(D ( * ) ) are well studied in the Type-III 2HDM with only ρ e , ρ d and ρ u , and we find that at least R(D) can be enhanced so much that it is consistent with the experimental result. The lowest value to achieve the world average of R(D) (R(D)=0.407±0.046) and R(D * ) (R(D * )=0.304±0.015) at the 1σ level [56] is
when the charged Higgs mass is fixed at m H ± = 200 GeV. Note that our SM prediction is R(D) = 0.299 and R(D * ) = 0.253 with BR(B c → τ ν) = 2.2% in our parameter set [68] . This lowest value for R(D) is very close to the upper bound from B c → τ ν in Eq. (31) . We can find that the value required by R(D * ) is totally excluded by the B c decay. Besides, the lepton universality of this semileptonic decay provides the stringent bounds on κ e,ν µc , as shown in Table 4 . Thus, we concluded that either |κ 
B → K ( * ) ll
Finally, we consider B → K ( * ) ll in our model. In the so-called aligned 2HDM, this process has been discussed in Ref. [38] . The Type-III 2HDM case with only ρ e has also been shortly studied in Ref. [37] . In our study, we include the box diagrams induced by ρ e and ρ ν and take into account the consistency with the explanations of (g − 2) µ and R(D), that has not been done before.
In the B → K ( * ) ll processes, there are several interesting observables where the discrepancies between the SM predictions and the experimental results are reported by the LHCb collaboration. One is P 5 that is concerned with the angular distribution of the B → K * µµ process [45, 46] , and another is R(K * ) [47] and R(K) [48] that measure the lepton universalities of B → K * µµ/ee and B → Kµµ/ee, respectively. The observables are governed by C l 9 and C l 10 operators defined as
where g SM is the factor from the SM contribution:
In our model, the Wilson coefficients C 
where s W corresponds to the Weinberg angle and the functions are defined as
We note that the SM predictions are flavor universal and the size of the each coefficient at the bottom mass scale is estimated as (C 9 ) SM ≈ 4 and (C 10 ) SM ≈ −4, respectively. The excesses in both P 5 and R(K ( * ) ) require destructive interferences with the SM predictions; for instance, the 1σ region of |∆C [75] .
It is important that these observables have different characteristics: R(K ( * ) ) requires the violation of the flavor universality, but P 5 does not need the violation. In our study, we concentrate on the three cases: In the case (A), the extra scalars do not couple to leptons, so that we can not expect the violation of the lepton universality. P 5 in this framework has been studied in Refs. [37, 38] , and we find the sizable ρ In such a case, we can expect that the discrepancy of (g − 2) µ is explained by the one-loop correction involving the neutral scalars [49, 50] . Besides, the violation of the lepton universality in B → K ( * ) ll would be realized, if ρ In the case (C), we assume that ( ρ ν ) µj is only sizable. In this case, the box diagram involving the charged Higgs leads the destructive interference with the SM prediction in C µ 9 and C µ 10 , so that the anomaly of R(K ( * ) ) may be resolved. Below, we discuss the induced C 9 , C 10 and the relevant constraints in the each case. We do not consider the case that both ( ρ ν ) µj and ρ µτ,τ µ e are sizable, in order to avoid the left-right mixing couplings of leptons induced by the one-loop diagrams involving the extra scalars.
Case (A):
ρ ij e = 0 and ρ ij ν = 0 In the case (A), the violation of the lepton universality can not be expected, but large ∆C 9 and ∆C 10 may be induced by the loop diagrams involving the scalars. In our setup, the main contributions to the operators are given by the couplings, ρ u can achieve ∆C 9 ≈ −1, that can explain the P 5 excess within 1σ level. We note that ρ tc u is not sensitive to ∆C 10 . Let us comment on the contribution to the B s → µµ process. The positive (negative) ∆C µ 10 coefficient suppresses (enhances) the branching ratio, compared to the SM prediction. The experimental result still has a large uncertainty, and the central value is below the SM prediction [78] . Thus, the positive ∆C µ 10 is, in effect, favored, taking into account the B s → µµ process as well [75] . If we chose the parameter to predict ∆C µ 10 0.1, the suppression is about 2.4 %. 
when (m A , m H ) is fixed at (m A , m H ) = (200 GeV, 250 GeV). The value experimentally required [79] ‡ is δα µ = (2.61 ± 0.8) × 10 −9 , so that ρ In Fig. 6 , we investigate the sizes of ∆C Fig. 4 and Fig. 7 . In particular, the box diagram in Fig. 7 can lead the flavor universality violation in the B → K ( * ) ll processes. In the case (B), however, the box , leads R(K) to almost unit. Thus, we conclude that it is difficult to achieve the explanations of the R(K ( * ) ) anomaly in the case (B). Such a positive ∆C 10 is disfavored by B s → µµ. As mentioned above, it is also difficult that the explanation of R(D) is compatible with the one of (g − 2) µ , because of the constraint from the lepton universality of B → D ( * ) lν. Note that ∆C µ 9 is small on this plane in Fig. 6 . If ρ tc u is not vanishing, sizable ∆C µ 9 can be derived as shown in Fig. 5 , although the ∆C µ 9 is flavor universal. Then, it is possible that we explain both the R(D) and P 5 anomalies by the one parameter set, but R(K ( * ) ) is not compatible with the explanation. Finally, we study the case (C). The all elements of ρ e are vanishing and some elements of ρ ν are sizable in this case. As discussed in Sec. 3.2, the LFV processes strictly constrain ( ρ ν ) ij , and then we assume that the only sizable element is ( ρ ν ) µj . This assumption principally forbids the flavor violating processes. ( ρ ν ) µj is also constrained by the (semi)leptonic B decays, as shown in Sec. 4.1 and Sec. 4.2, when ρ tc u is large. Let us define the following parameter,
and draw Fig. 8 fixing ρ ν = 1, 2 on the left and right panels, respectively. Based on Ref. [83] , we evaluate R(K), that is the ratio between BR(B + → K + µµ) and BR(B + → K + ee). R(K) is reported in each bin of q 2 GeV 2 , which is the invariant mass of two leptons in the final state [48] . In particular, the result in B + → K + µµ with 1 GeV 2 ≤ q 2 ≤ 6 GeV 2 is smaller than the SM predictions: R(K) = 0.745
−0.074 ± 0.036 [48] . The lepton universality is measured in B 0 → K * µµ as well, and the experimental result also shows the similar sign about the lepton universality violation [47] .
In our model, R(K) is deviated by the diagram in Fig. 7 via the leptonic Yukawa couplings. In the case (C), the leptons in the final state can be left-handed, so that ∆C 9 = −∆C 10 is predicted. In Fig. 8 In such a case with large ρ ν , the cosmological observations and the neutrino experiments will severely constrain our model. Let us simply assume that the active neutrinos consist of right-handed and left-handed neutrinos: they are Dirac neutrinos. In the case (C), the coupling with muon, ρ ν µi , is large and the others are small. This means that the only one right-handed neutrino that couples to muon is introduced effectively. In our scenario, the right-handed neutrino interacts with the SM particles through the ρ ν coupling, and it is in the thermal equilibrium up to a few MeV, when ρ ν µi is O(1). The effective number, N ef f , of neutrinos in our universe is measured by the Planck experiment: N ef f = 3.36 ± 0.34 (CMB only) [84] . If the decoupling temperature of the right-handed neutrino is small, N ef f could be estimated as N ef f ≈ 4, that is excluded by the recent cosmological observation. In order to raise the decoupling temperature and decrease N ef f , ρ ν µi may be required to be less than O(0.1) [85] . The right-handed neutrino, on the other hand, is not needed to be an active neutrino, in our setup. In Fig. 8 , the right-handed neutrino mass is vanishing, but the result would not be modified so much even if the small Majorana mass of the right-handed neutrino is introduced. Let us define the right-handed neutrino that couples to muon as ν 1 R . Then, the relevant terms are given bȳ
Here, y 1 ν can be assumed to be vanishing without conflict with the neutrino observables. As far as H 2 does not develop non-vanishing VEV, ρ µ1 ν does not contribute to the masses of the active neutrinos, even if m R is sizable. The decay of ν 1 R may be suppressed according to the alignment of ρ ν . It would be interesting to discuss the compatibility between the dark matter abundance and R K , as discussed in Ref. [86] . In our case, ν The neutrino scattering with nuclei also strongly constrains our model. The relevant process is the neutrino trident production: νN → νµµ [89] . In our model with sizable ρ µ1 ν , the charged Higgs exchanging enlarges the cross section but the contribution does not interfere with the SM correction, so that the prediction is not deviated from the SM prediction so much. ρ µ1 ν , however, is very large to violate the lepton universality of B → K ( * ) ll, so that we obtain the limit on the deviation of R K and R K * . When m H ± is set to 200 GeV, the upper bound on ρ µ1 ν is about 1 to avoid the 2σ deviation of the experimental result [90] . Thus, the ρ µ1 ν ≈ 2 scenario is totally excluded, as far as m R is not introduced.
We conclude that the scenario with large ν R are vanishing. Then, ( ρ ν ) ij , except for ( ρ ν ) µ1 , should be smaller than O(0.1). If the decay of ν 1 R is much suppressed, the abundance of ν 1 R would be constrained by the cosmology. The cold dark matter case is similar to the result in Ref. [86] . In this paper, the consistency with the cosmological observation in such a dark matter case is beyond our scope. In Sec. 5, we propose the direct search for ν 1 R at the LHC.
Summary of the capabilities to explain the excesses
We summarize the possibility that our model can explain the excesses in the flavor physics, choosing the proper parameter set. In Table 5 , our conclusion about the each excess is shown. On the first, second and third rows, ρ tt u , ρ tc u and ρ ct u are only sizable in the case (B) and (C), respectively. The each column corresponds to the capability to explain the each excess denoted on the top row. The symbol, " ", means that our predictions are within the 1σ regions of the experimental results. In the box with "×", our prediction is out of the 2σ region. In the box with " ", the predictions can be within the 2σ region of the experimental results, i.e., P 5 and R(K) = 0.745
−0.074 ± 0.036 0.745
. The Dirac neutrino case predicts N ef f ≈ 4 and is in tension with the recent cosmological observation. The neutrino trident production also excludes the case with ρ ν > 1. We can also introduce the small Majorana mass term, m R , to decrease N ef f .
In the end, it is difficult to explain all of the excesses in our parameterization. The explanations of P 5 and R(D) can be done by the sizable ρ tc u and the ρ µτ e , but cannot be compatible with the solutions to the (g − 2) µ and R(K ( * ) ) anomalies. This is because ¶ Recently, the model with light ν R that strongly couples to leptons is discussed, motivated by the R(D ( * ) ) anomaly [87, 88] . Table 5 : Summary of the capabilities to explain the excesses. In the each observable, our prediction is evaluated by the symbols, " ", " " and "×". The meanings are explained in the text.
the charged Higgs that couple to b, c and µ largely violate the lepton universality of B → D ( * ) lν.
Our signals at the LHC
Before closing our paper, we discuss the possibility that our 2HDM is tested by the LHC experiments. In our scenarios, the extra scalars are relatively light: we fix the masses at 200 GeV or 250 GeV. Thus, the main targets to prove our model are the direct signals originated from the scalars. In the case (A), there are Yukawa couplings between the scalars and heavy quarks, denoted by ρ (1), we obtain large ∆C 9 , that can explain the P 5 excess. In this case, the neutral and charged scalars are produced in association with top quark or bottom quark in the final state. The produced scalars dominantly decay to heavy quarks, so that there are tt/bb/tb quarks in the final state. Such a case has been studied in Ref. [37] .
In the case (B), the neutral scalars can decay to µ and τ , and the charged Higgs decays to µ or τ with one neutrino. The scalars are produced via ρ ct u coupling, and then the production cross sections of the scalars at the LHC with √ s = 13 TeV (8 TeV) are estimated in Table 6 , using CALCHEP [104] . Note that cteq6l1 is applied to the parton distribution function. Here, we quantitatively study our signal on the benchmark points in Fig. 6 . We put the green x-marks on the figures. On the benchmark point (B1), the See also Refs. [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] [103] . 
This parameter set leads a sizable deviation of (g − 2) µ : δα µ = 2.61 × 10 −9 . On this point, the charged Higgs mainly decays to µν through the diagram in Fig. 9 and the heavy neutral scalar decays to µτ :
Following Table 6 , the production cross section of the charged Higgs is estimated as 2.46 pb at the LHC with √ s = 13 TeV. The search for a new heavy resonance decaying to e/µ and neutrino has been developed recently [105] and the upper bound on the production is about 0.6 pb, that naively leads the upper bound on |ρ ct u | as |ρ ct u | 0.2. In our model, however, there are top quarks in the final state, so that the top quark will make the signals fuzzy. The search for a new resonance decaying to τ ν/ τ µ is also attractive, because the decay is predicted by the charged Higgs and the neutral Higgs. It is challenging and actually the heavy mass region is surveyed by the ATLAS [106] and CMS collaborations [107, 108] . As discussed in Sec. 4.2, the excesses in B → D ( * ) τ ν require rather large Yukawa couplings, so that we expect that the direct search for the resonance at the LHC can reach the favored parameter region near future. The detail analysis is work in progress. 
Then, the sizable deviation of (g − 2) µ is estimated as δα µ = 2.61 × 10 −9 . Since ρ µτ e is sizable, the charged Higgs decays to τ ν:
In this case, the charged Higgs mainly decays to τ ν, and can evade the bound from the µν resonance search. In the case (C), the scalars are produced due to the large ρ ct u . The produced neutral scalars decay to two neutrinos in this case, so that they predict the invisible signal. The charged scalar decays to one muon and one neutrino. This signal is similar to the case (B). On the benchmark point in Fig. 8 , the parameters satisfy
These parameters lead the following branching ratios,
The invisible decay of the heavy neutral scalars, produced by the diagram in Fig. 10 , leads the mono-top signal: pp → φ h t → ννt. The current upper bound on the cross section at the LHC with [109, 110] when m H = 200 GeV. Based on the results in Table 6 , the mono-top signal on this benchmark point is about 0.3 pb, so that it is just below the current upper bound. In our model, the same-sign top signal is also predicted by the diagrams in Fig. 11 , depending on the mass spectrum of the scalars. If the neutral scalars, H and A, are not degenerate, the same-sign top signal, pp → tt, is enhanced by ρ 
Then, our predictions on the benchmark points are below the experimental bound. We note that the same-sign top signal is produced by the process, pp → ttc +ttc, rather than pp → cc → tt +tt, because of the production processes as shown in Fig. 11 . Figure 11 : Feynman diagrams relevant to the same-sign top signal.
Summary
We have studied the flavor physics in type-III 2HDM. In this model, there are many possible parameter choices, so we adopt some simple parameter sets motivated by the physical observables where the deviations from the SM predictions are reported. In our scenario, the flavor violating Yukawa couplings for up-type quarks, ρ tc u and ρ ct u , play an important role in enhancing/suppressing the semileptonic B decays, e.g. B → K * ll. In particular, ρ ct u can evade the strong bound from the flavor physics and the collider experiments, so that ρ ct u is expected to be larger than O(0.1). In addition, we introduce the flavor violating Yukawa couplings to the lepton sector as well: ρ τ µ e and ρ µτ e . As discussed in Refs. [49, 50] , those flavor violating couplings deviate (g − 2) µ , as far as the extra neutral scalars are not degenerate. In our paper, we have discussed the compatibility between the explanations of (g − 2) µ , of the B → K ( * ) ll and of the B → D ( * ) τ ν excesses. As shown in Table 5 , the explanations of (g−2) µ and R(D) require relatively large Yukawa couplings, so the constraint from the lepton universality of B → D ( * ) lν easily excludes our model.
In order to explain the R(K) excess, we need the sizable lepton flavor universality violation in the B → K ( * ) ll processes. Then, we introduce the flavor violating Yukawa couplings involving right-handed neutrino, and discuss the capability to explain the R(K) excess in our model. In this case, we can evade the strong experimental bounds, as far as the appropriate alignment of the Yukawa couplings is chosen. Thus, the explanation of the R(K) deviation is achieved by the box diagram involving the right-handed neutrinos via the flavor violating neutrino Yukawa couplings. This scenario, however, can not be compatible with the other explanations, because of the stringent constraint from the lepton universality of B → D ( * ) lν. In addition, the Dirac neutrino case is excluded by the recent cosmological observation. Then, the sizable Majorana mass term for the right-handed neutrino is required to decrease the effective neutrino number. The possible parameter choices and the capabilities of the each setup are summarized in Table 5 .
Finally, we have investigated the possibility that the LHC experiments directly test our model. Interestingly, the direct search for new physics at the LHC can reach the parameter region that is favored by the excesses in the flavor physics [37, [91] [92] [93] [94] [95] [96] [97] [100] [101] [102] [103] . In our scenario, the scalar are enough light to be produced by the proton-proton collider. In the case that the charged Higgs mainly decays to one muon and one neutrino, the heavy resonance search at the LHC could widely cover our parameter region. The neutral scalar decays to two neutrinos, if the neutrino Yukawa couplings are large. In this case, the mono-top signal could be our promising one, although the current bound has not yet reached our parameter region. The sizable ρ ct u predicts the same-sign top signal, if the neutral scalars are not degenerate. We have confirmed that our prediction of the cross section is below the current upper bound, but we can expect that our region could be covered near future.
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A Various parameters for our numerical analysis
Here, we summarize numerical values of various parameters we use in our numerical calculation below. 
